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ABSTRACT. Hearing injury due to exposure to excessive noise during common farming
activities is a significant problem for farmers. The aim of this study was to investigate factors
that affect the level of risk to hearing caused by common farming activities. Noise levels on
farms were measured across a range of activities and producer groups, and situational factors
that effect noise levels were also investigated. Older tractors were found to be 6 dB louder than
newer tractors. Cabs reduced noise to the operator by 16 dB, which was halved to 8 dB if a door
was open. Radios added between 3 and 5 dB to the noise in the cab. These variables
significantly affect the noise level at the ear of operators and others in the workplace, and
affect the subsequent exposure limits that are considered safe. Situational factors need to be
considered in assessing the level of risk to farmers’ hearing and in choosing noise
management strategies on the farm. This information has been incorporated into material
about hearing and discussions with farmers who participated in field day hearing screening
programs in Australia.
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xposure to noise levels of more than 85 dB(A) for more than 8 hours a day (or its
sound energy equivalent) on a regular basis can cause permanent hearing damage
(ISO, 1999). Workers in agriculture, with its heavy and wide-ranging machinery,
have been shown to have a higher prevalence of hearing loss than the general Australian
community (Challinor et al., 2000; Williams et al., 2002).
Evidence from field day hearing screening programs across Australia has indicated
that hearing injury in farmers is due to prolonged exposure to on-farm noise hazards such
as tractors, chainsaws, firearms, and other agricultural implements (Challinor et al.,
2000). Damage to hearing caused by the prolonged and cumulative effects of noise over
many years results in the affected persons having significantly reduced hearing ability,
which in turn increases personal and social problems (Challinor et al., 2000; Williams et
al., 2002).
This article is the second part of an investigation into noise levels of farm machinery
and activities based on a sample of 48 farms in northern New South Wales and southern
Queensland, Australia (Depczynski et al., 2005). The field data on noise levels from the
48 farms support conclusions drawn from data gathered from the field day hearing
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programs in Australia and from international studies, indicating that exposure to noise
during many common farm activities is at a level capable of causing permanent hearing
injury over many years (Challinor et al., 2000; Holt et al., 1993; May et al., 1990).
National noise standards and codes of practice in Australia (Australian / New Zealand
Standard 1269.1, 1998; NOHSC, 2000a, 2000b) as well as each state’s Occupational
Health and Safety (OHS) regulations, outline how to manage noise in the workplace. The
standards and legislation are relevant to agriculture, as the farm workplace has both
extreme noise hazards, e.g., firearms at 140+ dB(C), and moderate-level noises over an
extended period, e.g., from machinery, that result in noise levels at the ear of farmers in
the 85 to 95 dB(A) range (Challinor et al., 2000; Depczynski et al., 2005).
Farmsafe Australia believes that the guiding principles of workplace hazard
identification, risk assessment, and control can be applied to noise management on farms
(FSA, 2002). This can be achieved through adoption of a number of strategies consistent
with the OHS hierarchy of control measures. While eliminating the hazard is often not
possible, because machinery is needed to conduct farm activities, substitution,
engineering, and administrative controls often are possible before resorting to the use of
personal hearing protection (PHP).
The average noise levels for different farm activities, presented in the first part of this
study (Depczynski et al., 2005), will assist farmers in their noise risk assessment and in
making decisions about noise control, exposure times, selection of appropriate hearing
protection, and ways to meet their requirements under state Occupational Health and
Safety Acts and Regulations.
This analysis examined noise exposure of bystanders to work and considered how
situational factors can alter the degree of risk from noise faced by farmers and bystanders
in the farm workplace. The factors that were considered to have an effect on noise were
machinery age, the presence of cabs, and the presence of radios.
Methodology
Noise levels received at the ear of the operator and others working in the vicinity
(bystanders) were measured during engagement in common agricultural activities. A
snowball sampling method was used to access 48 farms representing a range of producer
groups across northern New South Wales and southern Queensland, Australia.
Procedures for recording of noise levels on the farms were in accordance with the
Australian / New Zealand Standard 1269.1 (1998) and Australian Standard 2659.1
(1988).
During the farm visit, information was collected about noise exposure on a standard
questionnaire that:
 Identified major noise risks on the farm (in consultation with the farmer).
 Measured noise levels at the ear of the operator (and others) of key noise hazards
with the calibrated CEL 440 integrating sound level meter (type 1).
 Obtained information about the amount of time the farmer spent in a particular
activity and approximately where bystanders would be located during an activity
(this was an approximation as the bystander, either working or watching, would
often be in several locations).
 Identified the commodities produced on the farm.
Average (LAeq) and peak (LPeak) noise levels, in dB(A), were measured within 10 cm
of the ear (closest to the noise source) of operators and others working in the vicinity. Due
to the variable operating conditions and nature of the agricultural workplace, other
workers were often in the general vicinity rather than at a specific location. A typical
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position of a bystander was taken as the noise measurement point for “others.” Where
bystanders were not available on the day of measurement, an approximate position of
their ear during the activity, as advised by the farmer, was identified and taken as the
measurement point. The distance of the bystander from the noise source was recorded.
Measurements of noise levels from each machine were made while it was idling and again
under working or simulated working condition. Additional measurements were
undertaken where other conditions were met (for example, while the machine was
traveling). A complete description of equipment, measuring techniques, and farm visit
procedures is contained in Depczynski et al. (2005).
The factors of machinery age, presence of cabs and radios, and other machinery
present were examined for their influence on the noise level at the ear of operators and
bystanders (all machines, including doors and windows, were in working condition).
Average and peak noise levels received at the ear of bystanders who would be working
around farm machinery were also recorded. Tests of association between variables and
differences between means (correlation, 2, t-tests of significance) were performed for
the larger machinery samples, such as tractors with and without cabs.
Noise level data were analyzed using SPSS (SPSS, 2003). The identity of the farmers
was not linked to the pooled data. Descriptive statistics were obtained for average and
peak noise emissions, for each machinery type and setting. Ethical permission for this
study was obtained from the New England Area Health Services Human Ethics
Committee.
Recommended exposure limits when engaged in an activity without the use of hearing
protection were calculated based on the average noise level for each activity received at
the ear. For each 3 dB increase in noise level, the sound energy received at the ear is
doubled, so that for every 3 dB above the recommended daily limit of 85 dB(A), the time
exposed to the noise needs to be halved to remain within recommended exposure limits.
This method of estimating recommended exposure limits is commonly used in OHS and
hearing health promotion programs (Karvolich et al., 1988) and is explained further in
the national standards and codes of practice relating to noise and noise management
(Royster et al., 2000; Plakke and Dare, 1992; NOHSC, 2000a; Australian Standard
2659.1, 1988).
Results and Discussion
Noise levels experienced at the ear of operators and bystanders present in the farm
workplace for a variety of farm activities and machinery types are displayed in table 1.
Exposure limits considered safe without the use of hearing protection have been included
for guidance purposes. The significance of noise levels at the ear of operators is discussed
in Depczynski et al. (2005).
Bystanders in the Workplace
In this sample of farms, bystanders were usually not involved in the operation of the
machinery. Noise levels measured at the positions where bystanders were present, as
identified by the farmer, are shown in table 1. Farmers in this sample did not report having
bystanders accompanying them while using firearms. However, those who accompany
shooters are at high risk of noise injury due the extreme volume of the firearm discharge
(140+ dB), coupled with their often close proximity adjacent to shooters in farm vehicles.
Those assisting with woodcutting, where a chainsaw is in use, are also at risk of
excessive noise exposure. Farmers reported this was predominantly carried out by a
family member such as a partner or child. Typical noise levels at the ear of persons
helping to stack wood around chainsaws were approximately 96 dB(A). This activity
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Table 1. Average noise levels and recommended exposure limits for
common farm machinery and activities on 48 Australian farms.
Machinery and worker position
during normal operating conditions
Noise level at operator’s
ear, average (range)
(95% CI)
LAeq  dB(A)
Recommended
exposure
durations without
hearing protection[a]
Air compressor 86 (77 - 95) 7 h (15 min - 8+ h)
All-terrain vehicle 86 (84 - 87) 7 h (4 - 8 h)
Angle grinder 98 (96 - 100) 20 min (15 - 30 min)
Bystanders in workshop 90 (87 - 93) 2 h (1 - 5 h)
Auger 93 (89 - 96) 1 h (30 min - 3 h)
Bench grinder 99 (94 - 104) 18 min (5 min - 1 h)
Bystanders in workshop 89 (82 - 96) 3 h (40 min - 8 h)
Bulldozer 99 (97 - 100) 18 min (15 - 30 min)
Chainsaw 106 (104 - 107) 3 min (2 - 5 min)
Bystanders stacking wood 96 (93 - 99) 40 min (15 - 50 min)
Circular saw 99 (98 - 101) 18 min (10 - 20 min)
Bystanders in workshop 89 (84 - 94) 3 h (1 - 8 h)
Cotton module press 86 (85 - 88) 6 h (4 - 8 h)
Bystanders in field (rakers) 84 (82 - 86) 8 h (6 - 8 h)
Cotton picker 81 (78 - 85) 8 h (8 - 8+ h)
Avg. increase with radio on[b] 1 - 3 dB 4 h - 8 + h
Bystanders − field (machine idle)[b] 83 (77 - 89) 8 h (4 - 8+ h)
Bystanders − field (picker turning)[b] 94 1 h
Dairies − herringbone (24 bay) pit 73 (71 - 75) No limit
Farm truck 85 (83 - 88) 8 h (4 - 8 h)
Firearm LPeak 140+ dB No exposure
Forklift[b] 84 (81 - 88) 8 h (4 - 8 h)
Harvester 83 (75 - 91) 8 h (2 - 8+ h)
Avg. increase with radio on[b] 2 - 5 dB 40 min - 8+ h
Bystanders in field[b] 90 2 h
Irrigation pump 100 (96 - 104) 15 min (5 - 30 min)
Motorbike − 2 wheel[b] 81 (70 - 92) 8 h (1.5 - 8+ h)
Packing shed workers 80 (78 - 82) 8+ h (8 - 8+ h)
Pig handling − suckers[b] 109 1 - 2 min
Pig shed − manual feeding[b] 87 (74 - 99) 5 h (15 min - 8+ h)
Shearer 86 (84 - 87) 7 h (4 - 8 h)
Bystanders in shed 80 (77 - 83) 8+ h (8 - 8+ h)
Sugarcane harvester[b] 86 7 h
Increase with radio on[b] 2 4 h
Tractor with cab 76 (75 - 78) No limit
Tractors with cabs 10+ years old 81 (77 - 84) 8 h (8 - 8+ h)
Avg. increase with radio on 3 - 5 dB 4 h - 8+ h
Bystanders in field 85 (80 - 90) 8 h (2 - 8+ h)
Tractor without cab 92 (90 - 93) 1.5 (1 - 2) h
Bystanders in field 82 (78 - 86) 8 h (6 - 8+ h)
[a] Noise exposure risk for each activity in the day is cumulative toward the overall noise exposure risk. For
example, if exposed to a noisy activity for half the recommended daily limit (e.g., angle grinder for 10 min
of a 20 min daily limit), any remaining noise exposure in the day should not exceed half the recommended
daily limit for another activity (e.g., a limit of 4 h instead of 8 h on a tractor with a radio).
[b] Sample size less than 5; in some cases, it was not possible to calculate CI due to small sample size.
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would therefore pose a significant noise risk, especially if the activity exceeded 0.5 h in
any one day.
Other machinery and activities that are likely to be a hazard to workers and onlookers
are augers, workshop tools, and assisting in the field around large machinery at harvest
time. Workers may experience noise levels between 85 and 93 dB(A) around grain
harvesters, cotton pickers, and module presses (table 1), although noise exposure
fluctuates depending on bystander position in relation to machinery.
For bystanders in the vicinity of noisy farm activities (e.g., field machinery,
chainsaws, and firearms), noise control measures include avoiding the noise (e.g., mov-
ing away from the noise source), limiting exposure time, and using personal hearing
protection (PHP), especially for those accompanying shooters (table 2).
Noise exposure happens at an early age on farms, particularly where the children are
involved in or watch farming activities. Franklin et al. (2002) found that farmers aged
15-24 years were being exposed to noise that was resulting in noise-induced hearing loss
and tinnitus. If young farmers do not reduce their exposure, they are more likely to have
significant hearing problems in later life.
This information highlights that it is not only the operator of a machine who is exposed
to the noise but also those in the vicinity. The limitation of this study is that exposure times
were self-reported and as such may not be accurate. In addition, due to the variable
positions of the bystanders, their noise exposure will vary.
Noise Over Long Hours at Peak Activity Times
The cumulative effect of exposure to noise over long hours can reduce the ability of
the ear to recover due to shortened periods before the next “long day.” During peak
activity times, farmers reported that field machinery was often used for periods greater
Table 2. Noise control measures, descriptions, and examples.
Noise Control Measure Description Example
Eliminate the hazard Can the job be done without 
the noise hazard?
Automatic feeders for pig sheds instead of
manual feeding.
Substitution for a 
lesser hazard
Use or purchase a quieter 
alternative.
Use a cabbed tractor instead of one without a
cab.
Buy a quieter alternative when replacing ma-
chinery (check the dB labels).
Replace metal chutes with plastic, and use elec-
tric motors instead of diesel.
Engineering and 
design option
Design and install methods 
to reduce noise.
Install mufflers on equipment.
Install cabs on tractors and other equipment.
Rearrange the workshop layout.
Install noise barriers and insulate walls.
Safer work practices 
and procedures
Instigate work practices that 
reduce noise exposure.
Regularly maintain equipment, e.g., engines,
seals, brackets, and mufflers.
Avoid noise; stand farther away to supervise.
Limit time exposed in one day; rotate tasks.
Provide hearing protection and information on
noise to workers. Add safety signs to noisy
areas.
Personal hearing 
protection (PHP)
Wear ear muffs, ear plugs or 
other hearing protection.
Hearing protection should be comfortable and
compatible with other PPE (e.g., hats and
goggles), meet relevant standards, provide ade-
quate protection, i.e., have a rating of around
20 dB(A), and be worn for the total duration of
noise exposure.
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that the normal 8 h work shift used to calculate noise exposure (e.g., 12 to 14 h shifts).
Working for long periods in a noisy environment means that lower levels of noise become
unsafe. Long hours of machinery operation lead some farmers to increase the volume of
radios in cabs to combat fatigue, in the process exacerbating hearing fatigue. Farmers in
the sample also reported that peak activity sessions may last for 3 to 6 weeks or more
(e.g., cotton season was 42 days; grain harvest season was 21 days, at 12 h per day).
Limiting shift hours, rotating persons involved in operating the machinery into quieter
activities, and providing PHP (as a last resort) are possible noise reduction strategies
(table 2). Long-term strategies of buying quieter machinery and regular maintenance
programs should also be considered (table 2).
Variable Operating Conditions
Noise levels during the idling phase were in excess of 85 dB(A) at the ear of operators
for small engines (irrigation pumps, augers), workshop tools (angle grinders, circular
saws), bulldozers, and chainsaws. With the exception of individual preferences with
chainsaws, most machinery was idle for relatively short periods, with the noise intensity
of the working tool overshadowing the significance of the idling phase.
Secondary Implements
Ploughs and seeders did not appear to affect noise levels within cabbed machinery, due
to the insulating effect of the cab and distance from the operator; there is a 6 dB decrease
in sound level for each doubling of distance beyond the first meter (Australian Standard
2659.1, 1988). Some farmers commented that a secondary towed implement affected the
tone of the engine, rather than loudness, as it contributed to power demand on the engine.
This discriminatory difference in the nature of the sound helps the farmer to recognize
any problems with the machinery’s operation.
It was suggested by farmers and others that the ability to hear the engine noise is a
common reason for resisting the use of hearing protection. That is, hearing protection
prevents the operator from hearing the subtle differences in the machinery’s operation.
Acoustics professionals believe that with the use of appropriate hearing protectors and
with some practice, the “correct” noise of the operating machinery can still be
distinguished; however, this needs to be tested in a real-world setting (including adjusting
for farmers’ hearing that may already be damaged).
The presence of a secondary implement, however, had a much greater bearing on noise
levels when the operator had a window or door open, was on a machine without cab, or
was on the ground and adjacent to the secondary implement, particularly power takeoff
(PTO) implements such as feed mills. This is due to the closer, unprotected proximity to
the noise produced by the secondary implement, which in some cases is more significant
than the primary noise source.
Age of Machinery
It was hypothesized that the age of the machinery will have an impact on the wear and
tear of the engine parts, seals, mufflers, and noise-insulating material. In addition, as
machinery design and engine efficiency continue to improve, newer machines tend to run
quieter than their predecessors did when they were new. Testing of individual machines
over time was not possible and was not controlled for in this study.
As an indicator of the machinery age effect, the association between age and noise
levels of cabbed tractors was tested using Pearson’s correlation coefficient, revealing a
statistically significant result (n = 27; P < 0.01). When the average noise levels for
operators of two groups of cabbed tractors were compared on the basis of older
(10+ years) vs. newer (0-9 years) tractors, the older group was on average 6 dB higher
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(i.e., quadruple) than the newer group. This difference was also statistically significant
(t25 = 3.85, P < 0.001). Age of machinery is positively associated with increased noise
level, and is most likely related to improved technology and general wear and tear. This
highlights the importance of regular maintenance regimes, especially for older
machinery, in order to minimize noise levels (table 2).
Cabs on Machinery
Cabs on tractors reduce the noise level reaching the operator in the cab. The mean LAeq
for cabbed tractors (no radio) was 76 dB, as opposed to 92 dB for non-cabbed tractors
(table 1), a difference of 16 dB. A t-test for this difference was found to be highly
significant (t54 = 12.96, P < 0.001). Noise levels were also compared for three operating
cotton pickers with the cab door closed and then opened (for climatic comfort). This
comparison showed an increase of 6 dB when the cab door was open. As the average noise
level for cotton pickers was 81 dB, an increase of 6 dB caused by not closing the door
adequately could limit safe exposure times from over 8 h to less than 4 h.
Cabs on machinery with maintained seals are a very effective design option. The
presence of a cab or insulating barrier reduces noise significantly by interrupting the
transmission path. Some machinery is available in cabbed and non-cabbed alternatives.
Buying “quieter” at the time of purchase, or installing cabs or similar sound barriers on
current equipment (e.g., harvesters, bulldozers, cotton module presses, and in packing
and shearing sheds), are recommended design controls (table 2). It should be noted that
a cab will only provide significant noise reduction if it is designed and fitted correctly.
This means that it should be vibrationally isolated from the structure of the vehicle. PHP
should always be considered for non-cabbed machinery (table 2).
Radios in Cabbed Machinery
For cabbed tractors fitted with radios, noise levels were compared with and without
the radio turned on. There was a 3 to 5 dB increase in the noise level received at the
operator’s ear with the radio on. That is, the noise level in the cab was at least doubled
in an attempt to “drown out” machinery noise. A t-test for the difference was performed
and found to be highly significant (t23 = 5.67, P < 0.001). Other cabbed machinery showed
similar effects, with cotton pickers, grain harvesters, and sugarcane harvesters showing
1 to 5 dB increases in noise level when the radio was turned on.
The radio effect becomes more apparent for older machinery. The implication is that
noise emissions that are borderline at around 82 to 85 dB(A) for older machinery will,
with the addition of a radio, place the operator over the recommended 85 dB(A) per 8 h
exposure limit. When the 85 dB(A) limit is reached, the recommended exposure time will
be halved. Longer working hours, common on farms, also affect noise levels. Shifts of
more than 10 h, which are common during times of peak farm activity, require an
adjustment to allow for the longer exposure (Australian / New Zealand Standard 1269.1,
1998). For example, a 14 h shift will require a 2 dB adjustment in addition to the measured
LAeq,8h. Table 3 provides an example of these cumulative effects.
The use of a radio was found to play a role in field machinery and in older cabbed
tractors, effectively doubling the noise level in order for the radio to be heard above
background noise. Limiting the period of use of radios in certain circumstances, or
maintaining the volume at a level to “just drown out” equipment noise, will assist in
limiting overall risk of hearing damage.
The localized effects of head-shadowing (where one side of the head provides a buffer
to the noise, and as such the ear in the shadow receives less noise) were noted in tractor
cabs with regard to the use of radios. For consistency, measurements were taken at the
auricle of the same ear before and after radios were turned on. Clark (2002) suggested
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Table 3. Example of additional noise exposure from radio
and working long hours on a cabbed tractor 12 years old.
Situation
Noise
Level Comment
Working operator LAeq  (no radio): 82 dB No exposure limit required.
Add radio: +4 dB
Tractor operated for 14 h: +2 dB Adjustment for long hours of noise exposure.
Effective exposure during shift: 88 dB Risk equivalent to 4 h exposure without hearing protection.
that, despite asymmetrical locations of a continuous noise source, sound reverberation
and head movement associated with an activity will result in a “similar exposure
bilaterally.” An exception suggested by Clark (2002), which might be applicable to the
farmers’ situation, is the unilateral exposure and hearing loss that occurs in shooters.
Radios and Shearing Sheds
In shearing sheds, radios play an important role in the attempt to “drown out”
machinery noise and relieve workers with music and news. Seven shearing sheds were
visited, all with electrically generated shearing units, which are quieter than their diesel
(belt-driven) counterparts. There were significant local variations within the shed
environment; some sheds did not have a radio, and some shearers were much closer to
the radio than others.
For sheds where localized effects were investigated more closely (n = 2), noise levels
at the ear closest to the hand piece (primary noise source) were 2 to 3 dB higher than for
the opposing ear, presumably due to “head shadowing” effects (Clark, 2002). The
orientation of the shearers with respect to the off-hand ear meant that this ear was
generally closest to the radio. Thus, the noise level at both ears was approximately the
same once the radio (secondary noise source) was turned on. The effect of radios on
shearers needs further exploration. Perhaps one solution will be the use of hearing
protectors with built-in radios, which are currently available.
Conclusion
Factors explored that influence noise levels in the farm environment include
machinery age, presence of effective cabs, use of radios, and hours worked. Occupational
Health and Safety legislation and codes of practice in Australia call for a process of
hazard identification, risk assessment, and control measures to address noise in the
workplace. There are a variety of control options possible on farms to address excessive
noise. These include elimination of noise hazards (e.g., minimize pig handling in feed
operations), substitution for quieter alternatives (buy quieter equipment), engineering
and design options (isolation, insulation, workshop layout), safer work practices
(maintenance, limit exposure), and use of PHP.
Control measures found to be effective in this study include sealed cabs on machinery
(to isolate operators from the noise source), regular maintenance for older machinery,
limiting the volume of radios in older machinery, limiting time exposed to continuous
noise through alternation of work tasks and personnel, and PHP (which should be
considered as a last resort) for non-cabbed farm machinery. For bystanders in the farm
workplace, moving farther away from the noise source is advised where possible, and
adequate hearing protection is a must for both shooters and those who accompany them.
This study has led to a better understanding of the factors that need to be considered
on farms in assessing the risk posed by workplace noise and determining appropriate
control measures. Greater awareness of these factors among hearing professionals in
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Australia has contributed to better quality advice provided to farmers through field day
hearing screening programs and the development of appropriate guidance materials
made available to farmers.
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